Representational difference analysis was used to identify strain-specific differences in the pseudoautosomal region (PAR) 
(Sxa) suggest that the locus DXYRpl maps to the distal portion of the PAR.
The mouse X and Y chromosomes pair and recombine during meiosis in a short region of the distal telomeric ends of each of the chromosomes. This region has been termed the pseudoautosomal region (PAR) because of the autosomal-like mode of segregation and inheritance of the loci from this part of the genome (1) . The PAR has been physically mapped and characterized in the human genome, and several studies have demonstrated that the region is -2.7 Mb and contains a limited number of genes that are expressed on both the X and Y chromosome and that typically escape X chromosome inactivation in females (2) . Genetic analysis of the PAR in both mice and humans indicates that there is an obligate crossingover that occurs in this region in males such that the estimated genetic distance is 50 centimorgans (3) (4) (5) . By contrast, the relative frequency of recombination within the PAR during female meiosis is similar to other regions on the X chromosome (3) . As a consequence, the relative genetic maps of PAR are about 7-to 10-fold greater in male meiosis as compared with female meiosis. Given the relatively high frequency of
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In addition to these central issues in genetics and meiosis, an understanding of the physical structure of the PAR in mammals is essential for understanding the molecular basis for the failure of X and Y chromosome pairing that has been documented in sterile, interspecific hybrid males (6) (7) (8) . The failure to pair is primarily a feature of the X and Y chromosomes in the laboratory mouse x Mus spretus hybrids in these studies, but an elevated level of autosomal dissociation is also observed (6, 7) . However, the subsequent development of C57BL-M. spretus congenic mice for the PAR has shown that the X-Y dissociation and male sterility remain after 12 backcross generations while the rest of the genotype is functionally C57BL and shows little autosomal dissociation (Y.M. and V.M.C., unpublished results). The occurrence of male sterility associated with a failure of X and Y chromosomes to pair during meiotic prophase provides a consistent mechanism that accounts for Haldane's rule: "When in the F1 offspring of two different animal races one sex is absent, rare, or sterile, that sex is the heterozygous sex" (9) .
The X chromosome is highly conserved among eutherian mammals. However, there is little or no conservation of the genes that map within the PAR. For example, the CSF2RA locus of the human PAR maps to the distal end of chromosome 19 in the mouse and to additional chromosomes in M. spretus (10) . In addition, none of the other characterized human PAR genes is localized to the mouse PAR. Similarly, the steroid sulfatase (Sts) gene in the mouse maps to the PAR, whereas in humans it maps to distal Xp outside of the PAR (11, 12) .
This suggests that there is a divergence between the PAR of mouse and human and it is necessary to characterize the physical and genetic makeup of the PAR of each mammalian species as a unique entity. At present, there are relatively few loci that have been defined and mapped in the PAR of the laboratory mouse and its interbreeding species. These include May15 (3, 13, 14) and a telomere-related fragment identified in the C57BL strains (15) . We have used the genomic representational difference analysis (RDA) to recover C57BL-specific sequences from the PAR against the M. spretus genomic background (16 (D2), which are representative of Mus domesticus, and PWK/ Ros, which is representative of Mus musculus, were used. In addition, individuals from outbred colonies of M. spretus, Mus castaneus, Mus hortulanus, Mus macedonicus, and Mus caroli maintained at Roswell Park Cancer Institute were used in these studies. A congenic C57BL strain (BSB) was produced that carries the distal end of the M. spretus X chromosome and the PAR on a C57BL background. The BSB strain was produced by selecting backcross females that were heterozygous for the distal X gene amelogenin (Amg) and the distal telomere locus TelXY The selected females were mated with either B6 or B10 in alternate generations using substrain allelic differences in TeiXY that distinguish the C57BL X chromosome PAR from the M. spretus X chromosome PAR. Congenic BSB females (generation N10-11) heterozygous for AmgB/S and TelXY B/S were mated with M. spretus to produce BSB x S male progeny that were used to localize the B6-38 sequences to the PAR of C57BL. The interspecific backcrosses from Roswell Park Cancer Institute (BSS-RP; n = 59) (6) and from The Jackson Laboratory (BSS-JAX) (17) used in this study were produced by mating (B6 x M spretus) x M. spretus.
Probes. TeIXY probe was an oligonucleotide (TTATTG)5
containing the mammalian telomere consensus sequence (15) . Amg was characterized using the 170-bp Nco I-Xba I subfragment excised from pMal6 (pMal6 is a pGEM-1 clone containing a 753-bp Pst I-Xba I fragment from the mouse Amg gene). This probe identifies an EcoRI restriction site variation of 6.2 kb (B6) and 3.1 kb (M. spretus) (18) .
Recovery of Genomic Clones Using the RDA Method. Second generation (B6 x M. spretus) x M. spretus (BSS) interspecific backcross (BC) male mice were used for the RDA analyses (16) . These were derived from BC1 females that were heterozygous for the distal X chromosome region. These progeny carry an average of 12.5% of the B6 genome. Genomic DNA from a single male that was B6 for the distal X chromosome was selected as the RDA tester. DNA from five males that were uniformly M. spretus for the same region was pooled to prepare the RDA driver. Five micrograms of DNA of both tester and driver was digested with BamHI. One microgram of each digested sample was ligated to the R Bam adaptor (24-mer, 5'-AGCACTCTCCAGCCTCTCACCGAG-3'; 12-mer, 5'-GATCCTCGGTGA-3') to prepare the tester and driver amplicon representations. Three rounds of RDA subtractive hybridization/PCR amplification were performed. The adaptorJBam (24-mer,5'-ACCGACGTCGACTATGCA-TGAACG-3'; 12-mer, 5'-GATCCGTTCATG-3') was ligated to the tester DNA in rounds one and three, and the adaptor N Bam (24-mer, 5'-AGGCAACTGTGCTATCCGAGGGAG-3'; 12-mer, 5'-GATCCTCCCTCG-3') was used in round two.
After the third round of RDA, the resulting DNA was digested with BamHI to cleave away the adaptors, purified from an agarose gel, and ligated into the BamHI site of pBluescript II KS(+) vector. Approximately 1000 clones were plated, and 50 clones were randomly selected for plasmid DNA isolation. The inserts were excised with BamHI, purified from an agarose gel, and used for further analysis.
Mouse Genomic DNA Preparation and Southern Blot Analysis. High molecular weight DNA was isolated from mouse kidney (19) . Five to 10 ,ug of each DNA sample was digested with the corresponding restriction endonuclease under conditions recommended by the manufacturer (GIBCO/BRL and Promega). The digested DNA samples were electrophoresed in 1% agarose gels and transferred onto a Zetabind membrane (AMF Cuno). Hybridizations to the RDA subtracted clones and further washes were performed under high-stringency conditions (20) . Probes were prepared by random primer labeling (21), and -2 x 106 cpm/ml was used in a hybridization reaction. RESULTS Isolation of a C57BL/6-Specific Genetic Marker by Using the RDA Method. Genomic DNA from a single second generation BSS male that carried the C57BL/6 PAR (AmgB-SxaB) on its X chromosome and the M. spretus PAR on its Y chromosome was used as the RDA tester. DNA from five sibling males from the same backcross generation that carried the M. spretus PAR on their X chromosomes and the M. spretus PAR on the Y chromosome was pooled for the RDA driver. The SxaB phenotype is characterized by a small testis weight and a high frequency of X-Y dissociation that results from the heterozygous combination of B6 X and M. spretus Y chromosomes (6) . All of the males used for driver DNA wereAmgs and expressed the Sxas phenotype (all of these males had normal or large testis weight and low frequencies of X-Y dissociation). Three rounds of RDA subtraction and PCR amplification of the adaptor-ligated tester sequences were performed. The resulting PCR products were analyzed on agarose gels after each round of RDA. After the third round of RDA, several distinctive bands from the subtracted tester DNA appeared on a background smear upon ethidium bromide staining of the agarose gel (data not shown). This DNA, ranging from 150 to 400 bp, was digested with BamHI, gel purified, and cloned into the BamHI site of pBluescript II KS(+). The inserts from 15 clones were independently used as hybridization probes on Southern blots containing C57BL/6 and M. spretus genomic DNA digested with different restriction endonucleases. This analysis was performed to identify clones that detected differences between C57BL/6 and M. spretus DNA. Many of the clones identified sequences homologous to long interspersed repetitive DNA element 1 and satellite DNA that were present in both C57BL/6 and M. spretus genomic DNA. One of the clones, designated B6-38, detected sequences only in the tester and C57BL/6 DNA but not in the driver and M. spretus DNA.
We used the B6-38 clone as a probe in Southern analysis of genomic DNA from several inbred strains of laboratory mice and several Mus species and subspecies to determine whether it would identify cross-reacting sequences across the Mus gene pool and whether there was informative restriction fragment length variation that could be used for genetic mapping. Cross-hybridization of B6-38 was detected with sequences in D2, PWK, and M. castaneus, but no hybridization was observed with DNA from the Mus species M. spretus, M. hortulanus, and M. caroli. Strain variation between B6 and B10 DNA was observed in the relative intensity and sizes of the Pst I fragments detected by B6-38 (Fig. 1) . Two Pst I fragments, 2.8 and 2.3 kb long, were detected in DNA from both male and female B6 mice. These 2.8-and 2.3-kb fragments and an additional one of 2.0 kb were detected in DNA from B10 males, whereas only the 2.3-and 2.0-kb fragments were present in DNA from B10 females. A pronounced difference in fragment lengths detected with B6-38 was observed between D2 and the C57BL family. Hybridization of B6-38 with BamHI-digested DNA from strains of the C57BL family revealed the expected BamHI fragment (220 bp) predicted from the RDA.
Localization of B6-38 Sequences to the PAR. The backcross progeny used to isolate genomic DNA for the RDA driver and tester differed primarily for the distal X chromosome genotypes that would encompass the PAR. However, it was still possible that the locus detected by the B6-38 probe was located to an autosomal region due to a polymorphism not covered in the driver DNA or to the X chromosome outside of the PAR. To test whether the clone identified an X and Y chromosomespecific sequence from B6, we examined the patterns of B6-38 hybridization with a series of males from a C57BL congenic strain whose female parents were selected to be heterozygous C57BL (B) x M. spretus (S) for the distal portion of the X chromosome and whose male parents were either B6 or B10. (Fig. 3) . These results clearly demonstrated that B6-38 sequences were transmitted with the distal portion of the C57BL X chromosome since the proximal loci of both of the X chromosomes in the BSB females carry B6 alleles. Thus, these combined results are consistent with a Y and X chromosomal transmission of B6-38 sequences in the PAR.
Genetic Mapping of B6-38. We examined two sets of interspecific backcrosses to verify the segregation of B6-38 sequences as a single locus and to map this locus relative to the distal X chromosome gene Amg and the distal loci of Sxa and TelXY i'n the mouse PAR. The first interspecific backcross was the BSt-RP (6) , in which 3 of 59 males were recombinant between Amg and the X-Y pairing locus identified as Sxa. Southern analysis of the B6-38 sequences in these 3 recombinant males indicated that two had no cross-reacting sequences similar to M. spretus, while the third male showed a typical B6 pattern of fragments (Table 1 ). These results indicate that the B6-38 sequences segregated as a single locus, which we named DXY Roswell Park 1 (DXYRpl). DXYRpl mapped more closely to Sxa than to Amg.
We examined the segregation and recombination of DXYRpl in an independent, interspecific BSS-JAX cross that was segregating distal X chromosome markers. We used Southern analysis to determine the occurrence of B6-38 hybridization and the pattern of these sequences in the segregating progeny. We observed 1 of 89 recombinants between Amg and DXYRpl in this cross. As in our previous analysis, the B6-38 sequences segregated as a single locus that mapped distal to Amg (Table 2 ).
DISCUSSION
Representational difference analysis was used to recover a B6-specific probe that was localized to the mouse PAR. We were able to apply RDA to second generation BSS backcross males that carried the distal X chromosome region from B6 in the case of the tester DNA and sibling males that were M. x is the number of recombinants between adjacent loci, n is the number of progeny typed, x/n is the percentage of recombination, and SE is the standard error of the mean.
